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The present study is focused on the determination of mineral composition of international red wines (Merlot, 
Cabernet Sauvignon), white wines (Sauvignon blanc, Aligoté, Muscat Ottonel, Italian Riesling) and native red 
wines (Feteasca neagră, Burgund mare, Băbeasca neagră), white wines (Feteasca regală, Fetească albă, Băbeasca 
gri, Șarba) produced in the Dealu Bujorului vineyard between 2014-2018, using Inductively Coupled Plasma 
Mass-Spectrometry (ICP-MS), and comparison of mineral composition of the soil. The high level of Ca, K, Na, Mg, 
P and Fe was observed in analyzed wine samples, the concentration of Na, Cu, As, Cd, Zn and Pb metals in analyzed 
wine samples were under Maximal Permissible Limit. The average concentrations of elements in the soil 
decrease in the following order: K, Na, Ca, Cu, Fe, P, Mg, Li, Co, Mn, Zn, Pb, Cr, As, U, Cd and Hg. Cu concentration 
in the topsoil of the Dealu Bujorului vineyard exceeds the maximum allowed limit (20 mg/kg Cu).  
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INTRODUCTION 
Without doubt, the determination of macro-, micro-elements, and also heavy 
metals in different types of food samples is of high importance for several 
reasons, the most important one being the nutritional, as well as toxic effects of 
these elements or their compounds (Płotka-Wasylka et al., 2018). Knowledge of 
levels of macro-, micro-elements, and heavy metals in alcoholic beverages such 
as wine is also very important, because in many countries, they constitute more 
than 12% of the consumption of alcoholic beverages (Płotka-Wasylka et al, 2018), 
therefore, they could be an important source of several metal ions. Due to their 
toxic effect on the human body in case of excessive intake, the determination of 
certain elements in wines is routinely carried out in most oenological laboratories 
because some heavy metals must be kept under control according to the 
International Organisation of Vine and Wine law (O.I.V., 2016). 
Wine is a drink whit great social and economic significance widely consumed 
around the world, it has a complex matrix which, besides water, sugar, acids, 
tannins and alcohol, contains a great variety of organic as well as inorganic 
components (Zinicovscaia et al., 2017). 
Among the various components that contribute to its quality and nutritional 




(Galgano et al., 2008). As in many wine-producing European countries, a controlled denomination of origin was 
established in Romania to guarantee the provenance and quality of its wines, and also to prevent frauds.  
A great number of natural and anthropogenic factors such as soil characteristics (Dalipi et al., 2015), type of 
grape (Zinicovscaia et al., 2017), area of production (Paneque et al., 2017), environmental conditions,  fertilizers 
(Ðurđić et al., 2017), inorganic pesticides (Fabani et al., 2010), wine-making practices (Ivanova-Peropulos et al., 
2013), application of additives (Šperková and Suchanek, 2005), transport and storage (Grindaly et al., 2011) could 
significantly influence the levels of macro-, micro-elements, lanthanides and heavy metals (Bora et al., 2017). Wines 
from vineyards located near to road traffic, and in industrial areas contain a higher concentration of Cd and Pb 
because of vehicle exhaust fumes or other emissions to air, water and soil (Pohl, 2007).  
Besides, the elemental composition of wine depends directly on the applied winemaking process during 
different steps of production (Ivanova-Peropulos et al., 2016). Thus, contaminations could occur during the 
fermentation process (addition of yeasts, maceration), storage and aging process (the content of proteins, fining 
agents) (Ivanova-Peropulos et al., 2016). Furthermore, a longer contact of wine with the equipment produced from 
different materials (e.g. stainless, brass, steel and aluminum) used for handling and storing of the wine is a source 
of Cd, Al, Cr, Zn and Fe (Castiñeira Gómez et al., 2004, Lara et al., 2005, Pohl, 2007, Cheng and Liang, 2012, Volpe et 
al., 2009, Tariba, 2011, Hopfer et al., 2013, Ivanova-Peropulos et al., 2016, Bora et al., 2017, Bekker et al., 2019). 
During the technological process of winemaking, the concentration of elements is changing mainly due to the 
precipitation of Ca and K tartrates as well as precipitation of Al, Cr, Cu, Fe, Mn, Ni, Pb, and Zn (Mozaz et al., 1999). 
Furthermore, the concentration of elements in wine could be modified by the presence of living or non-living 
Saccharomyces cerevisiae yeast lowering significantly the final levels of some metals (Ivanova-Peropulos et al., 
2016). Yeast consumes Mg, Ca, Cu, Fe and Zn causing a decrease in their content during fermentation (Nicolini and 
Larcher, 2003). 
Daily consumption of wine in moderate quantities contributes significantly to the requirements of the human 
organism for essential elements, such as Ca, Cr, Co, K, Se and Zn, however above optimal concentration, elements 
such as Al, Cu, K, Fe, Mn and Zn, may have detrimental effects on the stability of wine and its commercial 
acceptability, while Pb, Cd and Pb are known to be potential toxic (Galgano et al., 2008).  
The wine typically contains major elements Na, Mg, K and Ca, whose concentration is greater than 10 mg/L; 
trace elements Al, Mn, Fe, Zn and Pb, whose concentration overpass 10 µg/L; and ultra-trace elements Cr, Ni, As 
and Cd, whose concentration is lower than µg/L (Zinicovscaia et al., 2017). Even if the list of elements commonly 
found in wines is much larger, we have restained to those elements which are either major components of vineyard 
soil or are more or less related to human activity, for this reason, the determination of the metal’s concentration, in 
the last ten years (Bora et al., 2020), moreover, the concentration of the same elements was successfully used to 
test the wine provenance or region of origin (Bora et al., 2018). 
The determination of major and trace elements in wine from different vineyard regions of the world to survey 
the concentration of certain metals, and test de wine provenance or origin has been previously studied in countries 
like Slovakia, Czech Republic (Korenovska and Suhaj, 2005), France, Italy, Germany and Portugal (Giaccio and 
Vicentini, 2010), Spain (González et al., 2009), Hungary (Sass-Kiss et al., 2008), South Africa (Van Der Linde et al., 
2010), Serbia (Ðurđić et al., 2017), Moldavia (Zinicovscaia et al., 2017), Australia (Cozzolino et al., 2008), Greece 
(Galani-Nikolakaki et al., 2002), Romania (Bora et al., 2020).  
Certain major and trace elements, such as Na, K, Ca, Fe, Cu and Zn, show significant changes during the 
technological processes involved in winemaking and are a reason for the attention given to the elements in low or 
only in trace amounts (e.g., Cr, Co, Sb, Cs, Sc, Eu, Hf and Tl) (Geana et al., 2013), trace elements less affected by the 
winemaking processes are the alkaline earth metals, of which Li and Rb are the most relevant for geographical 
origin identification (Geana et al., 2013). According to the first research conducted fort the authentication of wines, 
the most frequently quantified and cited elements used for wine authentication are K, Na, Fe, Y, Rb, Ca, Cu, Cr, Co, 
Sb, Cs, Br, Cs, Br, As, Ag, Li, Ba, Sr, Mg, Al and Mn (Arvanitoyannis et al., 1999). For Romania, according to studies 
performed to date, the main elements allowing differentiation between wines are Mn, Sr (Suhaj and Korenovska, 
2005), Cr, Sr, Ag, Co (Geana et al., 2013) and Hg, Al, Tl and U (Bora et al., 2018). 
The ability to make a distinction between wines by vineyard regions through their trace elements patterns 
suggests that the elements are mainly regulated by the movement from the rock to vineyard soil, and from vineyard 
soil to grapevine; wine multi-elemental composition is strongly influenced by the solubility of inorganic compounds 
from vineyard soil from which we conclude that the pattern of wine will reflect the geochemistry of the provenance 
soil (Galgano et al., 2008). Nevertheless, several factors may change markedly the multielement composition of 
wine and may endanger the relationship between wine and vineyard soil components such as environmental 
contamination, agricultural practices, climatic changes, vinification processes (Suhaj and Korenovska, 2005). 
Therefore, the utilization of the multi-element pattern as a distinction between wines by vineyard regions has to be 
confined to high-quality wines produced from specific vine varieties and whose influence of the vinification 
processes on the wine patterns had been previously studied and permanently controlled (Almeida and Vasconcelos, 
2003) a complete qualitative analysis was carried out in previous research (Bora et al., 2016). 
Complete wine classification and the distinction between wines by vineyard regions should be accomplished by 
using different instrumental techniques (De Villiers et al., 2012), such as chromatographic methods like high 
 
 
performed liquid chromatography (HPLC) (Fraige et al., 2014), infrared spectroscopy (IR) (Bevin et al., 2008), gas 
chromatography (GC) (Weldegergis et al., 2011), mass spectrometry (MS) (De Villiers et al., 2012), nuclear magnetic 
resonance (NMR) (Godelmann et al., 2013) coupled with different detectors, having, as a result, a large quantity of 
data, from which the essential information must be analyzed using chemometric techniques (De Villiers et al., 
2012).  
Among the multielement techniques used so far, inductively coupled plasma mass spectrometry (ICP-MS) excels 
with true multielement capabilities together with extremely low detection limits (Galgano et al., 2008). Day (1994) 
and Stroh et al. (1994) have been among the first in using ICP-MS to demonstrate the discriminant power of 
elements hitherto ignored, such as lanthanides. Analytical approaches used for the determination of element 
concentration from wines include a variety of techniques most commonly used atomic absorption spectroscopy 
(AAS) (Šelih et al., 2014), (ICP-MS) (Bora et al., 2020), inductively coupled plasma atomic emission spectroscopy 
(ICP-AES) (Lara et al., 2005), or x-ray fluorescence spectroscopy (XRF) spectrometry (Dalipi et al., 2015). 
Nowadays, the AAS technique is often replaced by ICP-AES and ICP-MS techniques because of the possibility of 
multi-elemental analysis, higher selectivity and sensitivity, and lower detection limits (Zinicovscaia et al., 2017). 
The main disadvantages of the ICP-MS techniques are the increase in the quantity of the solution alongside the 
increase in the number of the determining elements, the use of acids or other solvents, and interferences of organic 
components (Zinicovscaia et al., 2017). A critical factor for choosing the appropriate analytical method for the 
elemental characterization of wines was the multi-element detection capability with ICP-MS, a suitable technique 
for accurate and fast determination of macro-, micro-elements and heavy metals in the same sample (Geana et al., 
2013).  
The present study is focused on the determination of the mineral composition of international red wines 
(Merlot, Cabernet Sauvignon), white wines (Sauvignon blanc, Aligoté, Muscat Ottonel, Italian Riesling), native red 
wine (Feteasca neagră, Burgund mare, Băbeasca neagră) and white wines (Feteasca regală, Feteasca alba, Băbeasca 
gri, Șarba), produced in the Dealu Bujorului vineyard from Eastern region of Romania between 2014 and 2018, by 
using ICP-MS, and comparison of mineral composition of the vineyard soil.  
The ICP-MS ensures very good detection and offers the right conditions for a reliable and fast determining 
method. We applied ICP-MS to sequentially determine the five macroelements (Ca, K, Na, Mg and P), six trace 
elements (Fe, Cu, Mn, Zn, Li and Cr) and six heavy metals (Cd, Pb, Co, As, Hg and U) in 117 red and white wines and 
50 soil samples. Because trace and heavy metals from wine samples impact on the organoleptic parameters of the 
drink but also human health, information on their existence, distribution, concentration and knowledge of existing 
relationships between metals and other parameters is crucial, and may be useful for the food industry, health 
professionals and consumers. 
 
MATERIALS AND METHODS 
 Study area 
 The Dealu Bujorului vineyard is characterized by an alternate landscape, from flat to hilly areas, with an altitude 
between 100 and 225 m, the predominant soil is levigated chernozem having a clayey sand texture with pH between 
7.4 and 8.1 values (Bora et al., 2018). A total of 117 wine samples (45 red wines and 72 white wines) and 50 soil 
samples from the Dealu Bujorului vineyard were analyzed to determine the mineral composition.  
The ecoclimatic conditions during the years of experience were investigated in previous works (Bora et al., 
2019) concluding that: the duration of the growing season was in normal limits over 170 days, the thermal balance 
values obtained were higher than multiannual average [global thermal balance (∑tg) was 3560.9℃ (3484.0℃ 
multiannual average), active thermal balance (∑ta) was 3526.6℃ (3387.5℃ multiannual average) and beneficial 
thermal balance (∑tu) was 1736.6℃ (1700.1℃) multiannual average] (Bora et al., 2019). The insolation coefficient 
(Ci) recorded values of 8.8 this show an increase compared to the multiannual average (7.69) and the precipitation 
quantity was lower (405.4 mm) than the average of the last ten years (505.7 mm) (Bora et al., 2019). 
Sample collection and micro-vinification process 
 The wines samples used in this experiment were obtained from the wines produced from international red 
wines (Merlot, Cabernet Sauvignon) white wines (Sauvignon blanc, Aligoté, Muscat Ottonel, Italian Riesling), native 
red wine (Feteasca neagră, Burgund mare, Băbeasca neagră) and white wines (Feteasca regală, Feteasca alba, 
Băbeasca gri, Șarba) produced in the Dealu Bujorului vineyard from East region of Romania between 2014 and 
2018. The wines samples were obtained in the technological testing laboratory within Research Station for 
Viticulture and Enology Bujoru (RSVE Bujoru) from micro-wine production according to the methodology 
described by Bora et al. (2016) and taking into account the recommendations from (EC) Regulation No. 2729/2000, 
consolidated with EC Regulation No. 2030/2006. All wines were provided by the technological testing laboratory 
as finished wines in 750 mL glass bottles with cork stoppers and were stored at 3-4℃ before analysis. All vines 
were planted since 1979, at RSVE Bujoru, and the vine plantation was organized with 2.2 × 1 m distance between 
rows and plants. Vines were pruned according to the Guyot system and were grown on trellis. Soil sampling was 
carried out on the depth of the soil profile at 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm and 50-60 cm during 
 
 
2018 according to the methodology described by Bora et al. (2016). Soil samples were collected using stainless 
steel shovels and were store in individual black plastic bags, and all the samples were taken in triplicates from the 
defined experimental plot. Soil samples have been brought first to sand size material (< 2 mm) using a jaw crusher 
than mechanically spit to obtained a representative sample, and eventually pulverized to powder-size, grain-size 
smaller than 100 µm, using a ball mill (Bora et al., 2019). Soil samples before splitting ant pulverization have been 
dried at 60℃ (Bora et al., 2019). 
Sample preparation for determination of elements from wines and soils samples 
 For the determination of elements from wines and soil samples, an amount of 0.5 mL wine and respectively 0.25 
g soil were used and adjusted to 8 mL (7 mL HNO3 65 % + 1 mL H2O2), after 15-30 minutes the mineralization was 
performed using a microwave system Milestone START D Microwave Digestion System set in three steps: step I 
(time 10 min., temperature 200℃), step II (time 15 min., temperature 200℃), and step III (time 60 min., 
ventilation-35℃). After mineralization, samples were filtered through a 0.45 mm filter and brought to a volume of 
50 mL with HNO3 1% (Bora et al., 2019). 
Reagents and solutions 
 Seventeen elements [five macroelements (Ca, K, Na, Mg, and P), six trace elements (Fe, Cu, Mn, Zn, Li, and Cr) 
and six heavy metals (Cd, Pb, Co, As, Hg, and U)] were determined to assess their concentration levels in wines 
produced in the Dealu Bujorului vineyard between 2014 and 2018 and comparison of mineral composition of the 
vineyard soil. The analysis was made as a multielement analysis with the ICP-MS technique, after appropriate 
dilution, using the external standard calibration method. The calibration was performed using XXICertiPUR 
multielement standard, and individual standard solution for Hg and Cr. All reagents used were of the analytical 
grade or better, dilution and preparation of standards and samples we used <18 MΩ/cm ultrapure water supplied 
form Milli-Q Millipore system (Benford, MA, USA) and TracepureTM HNO3 from Merck (Darmstadt, Germany). The 
intermediate solution was stored in polyethylene bottles and glassware was cleaned by soaking in 10% v/v HNO3 
for 24 hours, and rinsing at least ten times with ultrapure water (Bora et al., 2019). The accuracy of the methods 
was evaluated by replicate analyses of known concentration samples, and the obtained values ranged between 0.3 
to 14.8%, depending on the element, and the global recovery for each element was between 84.6-100.2 (Bora et al., 
2018). For quality control purposes, blanks and triplicates samples (n = 3) we analyzed during the procedure, the 
variation coefficient was under 5%, detection limits (ppb) were determined by the calibration curve method. Limit 
of detection (LoD) and Limit of quantification (LoQ) were established in previous works (Bora et al., 2019), and 
was calculated according to the next mathematical formulas: LoD = 3SD/s and LoQ = 10 SD/s (SD = estimation of 
the standard deviation of the regression line; s = slope of the calibration curve) (Table 1).  
 




















As 0.9999 0.2335 0.7776 0.538 K 0.9999 2.1860 7.2794 31.728 
Ca 0.9999 5.6649 18.8641 20.820 Li 0.9999 0.0048 0.0160 0.020 
Cd 0.9999 0.0202 0.0673 0.027 Mg 0.9999 2.7325 9.0992 9.099 
Co 0.9999 0.0365 0.1215 0.152 Mn 0.9999 0.0102 0.0340 0.085 
Cr 0.9999 1.6630 5.5378 0.636 Na 0.9999 3.9808 13.2561 32.121 
Cu 0.9999 0.0402 0.1339 0.237 P 0.9999 3.4712 15.054 35.745 
Pb 0.9999 0.0003 0.0010 0.002 Ni 0.9999 0.0591 0.1968 0.091 
Zn 0.9999 0.3780 1.2587 5.401 U 0.9999 0.0253 0.0842 0.005 
Hg 0.9999 0.0417 0.1379 0.128      
*Detection limit; **Background equivalent concentration; ***Quantification limit 
 
A quantitative measure of background level, the ‘Background Equivalent Concentration’ (BEC), which is defined 
as the concentration of a given element that exhibits the same intensity as the background, measured at a given 
wavelength (ICP-OES) or mass (ICP-MS).  





 × C standard 
 
I blanc = intensity of the blank 
I standard = intensity of the standard 





 The determination of metals was performed on a mass spectrometer with inductively coupled plasma, (ICP-MS) 
iCAP Q Thermo scientific model, based polyatomic species before they reach the quadrupole mass spectrometer, 
using a perfluoroalkoxy alkanes (PFA) microflow concentric nebulizer. The argon used was of 99.99% purity 
(Messer, Austria). The instrument was daily optimized to give maximum sensitivity for M+ ions and the double 
ionization and oxides monitored by the means of the ratios between Ba2+/Ba+ and Ce2+/CeO+, respectively, these 
always being less than 2%. The experimental conditions were: argon flow on a nebulizer (0.80 L/min.), auxiliary 
gas flow 0.80 L/min., argon flow in plasma 15 L/min., lens voltage 7.31 V; (RF) power in plasma 1100 W, spray 
chamber temperature (2.51±1.00 °C). Accuracy was calculated for the elements taken into consideration (0.5-5.0%) 
and was established in previous works (Bora et al., 2017, Bora et al., 2019).  
Statistical analysis 
 The statistical interpretation of the results was performed using the Duncan test, Statistical Package of the Social 
Sciences - SPSS Version 24 (SPSS Inc., Chicago, IL., USA). The statistical processing of the results was primarily 
performed to calculate the following statistical parameters: arithmetic average, standard deviation, standard error. 
This data was interpreted with the analysis of variance (ANOVA) and the average separation was performed with 
the DUNCAN test at p ≤ 0.05. 
 
RESULTS AND DISCUSSIONS    
High dispersion of elements concentration observed in wines was also described in the literature (Bimpilas et al., 
2015; Nelson et al., 2015; Bekker et al., 2019). Our results showed that the elemental concentrations of wine and 
soil were interrelated. Tables 2, 3 and 4 presented the concentration of the elements from wine and Tables 5, 6 and 
7 in soils. The average concentrations of elements in the soil decrease in the following order: K (703.46 ± 154.31 
mg/kg), Na (162.39 ± 24.20 mg/kg) and Ca (123.04 ± 24.05 mg/kg) (Table 5), Cu (91.59 ± 28.62 mg/kg) and Fe 
(80.91 ± 20.65 mg/kg) (Table 6), P (68.68 ± 14.60 mg/kg) and Mg (58.36 ± 13.44 mg/kg) (Table 5), Li (41.84 ± 
35.72 mg/kg) (Table 6), Co (14.37 ± 5.20 mg/kg) (Table 7), Mn (10.84 ± 3.84 mg/kg) and Zn (6.15 ± 1.14 mg/kg) 
(Table 6), Pb (5.65 ± 2.42 mg/kg) (Table 7), Cr (5.35 ± 2.47 mg/kg) (Table 6), As (0.96 ± 0.29 mg/kg), U (0.48 ± 0.13 
mg/kg), Cd (0.28 ± 0.10 mg/kg) and Hg (0.070 ± 0.015 mg/kg) (Table 7). The soil contained essential major 
elements for grapevine growth. The constituents of major elements in soils are affected by the composition of the 
soil. A similar trend was observed in some previous studies (Núñez et al., 2000; Thiel et al., 2004; Banović et al., 
2009; Karataș et al., 2015). 
According to the results shown in Tables 2, 3 and 4, the highest concentration of Ca, K, Na, Mg and P were found 
in Sauvignon blanc (101.92 ± 3.73 mg/L Ca), Cabernet Sauvignon (496.41 ± 6.20 mg/L K; 241.84 ± 11.95 mg/L P), 
Feteasca neagră (47.00 ± 6.35 mg/L Na), Muscat Ottonel (227.71 ± 4.16 mg/kg Mg). The concentration of Ca and Mg 
in wine was influenced by years, while K, Na and P were not influenced by this factor. The concentration of these 
macro-elements found in wine was influenced by the variety of vines and also by the interaction between the year 
of culture and vine variety. Research conducted by Karataș et al. (2015) concludes that the year of culture did not 
have any effects on the macro-element levels of Cabernet Sauvignon, Cot and Boğazhere but macroelement values 
changed by years in Syrah, Merlot and Tanat wines (Karataș et al., 2015). The average concentrations of the major 
elements (content >1 mg/L) in the studied wines decreased in the order K > Mg > P > Ca > Na. The results agree 
with values reported in the literature (average values reported by Iglesias et al. (2007) 819 mg/L K and 865.30 
mg/L K reported by Álvarez et al. (2012). The values obtained for the Ca, Mg, and P contents in our selected wines 
were in good agreement with the results for Macedonian wine (Ivanova-Peropulos et al., 2016) average value of 
83.5 mg Ca/L; 98.20 mg/L Mg and 114 mg/L P), Serbian wine (Ražić, and Onijia, 2010) average value of 37 mg/Ca 
L and 95.73 mg/L Mg, Croatian wine (Vrček et al., 2011) average value of 65.90 mg/L Ca and 68.70 mg/L Mg and 
also in Czech wines (Kment et al., 2005) average value of 108.00 mg/L Ca and 75.40 mg/L Mg. On the other hand, 
Ca and Mg contents were significantly higher than the values described in the literature by other authors as Lara et 
al. (2005) (average value of 12.50 mg/L Ca – Argentine wines) and Coetzee et al. (2014) (average value of 12.05 
mg/L Mg and 6.73 mg/L Ca – Belgium wines). 
Ca and K are the natural components of the grape, also K is the element with the highest concentration in the 
juice produced by Vitis vinifera (Fabani et al., 2010), but its highest concentration is affected by the precipitation of 
wine during stabilization and aging by the formation of potassium bitartrate and calcium tartrate crystals (Lara et 
al., 2005). Additional amounts of K to wine composition can be introduced using potassium bisulfite or potassium 
metabisulfite during the winemaking process, but this is not our case due to the fact the practice for the wine 
clarification is to use sulfur dioxide (Bora et al., 2016).   
The sodium concentration in wines was determined primarily by the composition of a soil where vines were grown 
(with soil salinity depending on the proximity of the sea) and water used for their watering (Pohl, 2007, Watson et al., 
2004, Stępień et al., 2015). High Na concentration was observed in wines originating from Spain, Australian, and 
Macedonia (Pohl, 2007). There is a limit for Na concentration in wines, introduced in some countries due to health risk 
concerns. Specifically, O.I.V. (2016) recommends that the maximal concentration may not exceed 60 mg/L.  As you can 
 
 
see the values obtained were well below the maximum allowed values, the highest value was recorded by the Feteasca 
neagră (47.00 ± 6.35 mg/L). 
The presence of Mg in wines is dependent on the natural content in grape (Álvarez et al., 2007), it is a 
micronutrient in plants being an essential element in the chlorophyll molecule and, together with Ca contributes to 
the structure of the cell walls (Bora et al., 2017). Mg concentration in wines is quite stable in the analysed wines. In 
most samples, the concentration varied in the range of 91.81 ± 3.45 mg/L Mg to 227.71 ± 4.16 mg/L Mg with an 
average of 125.60 ± 5.71 mg/L Mg. 
Phosphorus participates in the nutrition of vines, with the formation of nucleoproteins in cells that make up the 
grape pulp, the most important nucleic acids are (DNA) and (ARN) which contain 10% P. Phosphorus from the 
composition of nucleic acids is the one that stores and transforms energy into biochemical processes in the plant 
(Țârdea, 2007). It is also part of the composition of Adenosine Triphosphate (ATP) and Adenosine Diphosphate 
(ADP) coenzymes that participate in the phosphorylation of sugars in the process of alcoholic fermentation, with an 
important role in the energy balance of this process. Of the total phosphorus present in wine, organic phosphorus 
represents 10-30%, and by the addition of ammonium phosphate in fermentation must, for yeast feed, the wine is 
enriched with the mineral phosphorus (Țârdea, 2007). The measured values ranged between 221.59 ± 4.49 mg/L 
P for red wines and 317.76 ± 3.16 mg/L P for white wines, the highest values were recorded in the Cabernet 
Sauvignon variety and Băbească neagră. These results agree with values reported in the literature (Ivanova-
Peropulos et al., 2016 – average values of 115 mg/L P for red wines). The mean content of the majority of these 
elements in the Romanian wines is similar with the values described in the literature by other authors (Kment et 
al., 2005, Fabani et al., 2010, Dehelean et al., 2012, Geana et al., 2013, Geana et al., 2014, Bora et al., 2016, Geana et 
al., 2016, Bora et al., 2019). 
The iron content in wines is conditioned by several factors, like the vineyard soil and the fertilizers used during 
winemaking (Kment et al., 2005, Lara et al., 2005, Geana et al., 2014), the evaluation of Fe content in wines is of 
major importance due to changes in wine stability that it may cause as well as its effects on oxidation and wine aging 
(Frías et al., 2011). At concentration >10 mg/L, Fe (III) creates insoluble suspensions with tannin and phosphates 
which are known as hazes or cases (Paleologos et al., 2002). Fe is of importance to the winemaker because when it 
is present at >7-10 mg/L, it may cause cloudiness or colour change; the content depends upon Fe levels in soil and 
dust, and contamination during harvesting, transportation, and processing (Lazos et al., 1989). All wines had Fe 
contents over the 7 mg/L limit (mean value was 13.26 ± 1.42 mg/L Fe) considered being the minimum 
concentration necessary to form ferric cases. The highest Fe level was observed in the Dealu Bujorului cultivar, and 
this amount of Fe in the soil (Table 6) is associated with the characteristics of the soil as well as the equipment and 
the stabilization treatments (Karataș et al., 2015). The results agree with values reported in the literature in the 
wines produced in Turkey (Cabernet Sauvignon 14.23 ± 3.15 mg/L Fe, and Merlot 13.98 ± 1.59 mg/L Fe) (Karataș 
et al., 2015). 
The presence of Cu in wines comes naturally from vineyard soil, is usually associated with the addition of 
pesticides and the winemaking process (Kment et al., 2005). All wines samples have Cu concentration below 1 mg/L 
recommended by O.I.V. (2016) to prevent the formation of cupric cases, so there is no risk of them. Cu concentration 
was within wide limits, Feteasca regala variety (0.87 ± 0.11 mg/L Cu) recorded the highest concentration and at the 
opposite pole was Băbeasca gri variety (0.17 ± 0.02 mg/L Cu) which recorded the lowest concentration, the average 





Table 2. Determination of macroelements in wines from Dealu Bujorului vineyard by ICP-MS (mg/L); (mean ± SD) 
 













2014 62.29 ± 3.23 ghi 351.04 ± 4.68 d 22.97 ± 1.52 hijk 121.81 ± 13.76 ijklmn 120.02 ± 6.38 defg 
2016 68.74 ± 7.77 efg 343.34 ± 11.12 de 21.48 ± 1.74 ijk 150.19 ± 3.76 ef 121.57 ± 15.62 defg 
2018 66.28 ± 5.89 fgh 359.59 ± 6.83 d 23.37 ± 1.21hijk 150.78 ± 2.69 ef 109.70 ± 15.30 ghi 
Average 65.77 ± 2.28 351.53 ± 3.28 22.61 ± 0.27 142.92 ± 6.10 117.10 ± 5.24 
Cabernet 
Sauvignon 
2014 61.04 ± 6.28 ghijk 496.41 ± 6.20 a 36.63 ± 5.80 bc 120.67 ± 6.34 ijklmn 241.84 ± 11.95 a 
2015 49.60 ± 8.93 l 467.51 ± 10.08 b 42.27 ± 1.00 ab 127.45 ± 5.64 hij 191.40 ± 6.97 bc 
2016 51.11 ± 3.40 kl 440.58 ± 14.84 c 36.01 ± 2.11 bcd 124.78 ± 6.57 ijkl 182.94 ± 15.01 c 
Average 53.92 ± 2.77 468.17 ± 4.33 38.30 ± 2.51 124.30 ± 0.49 196.39 ± 4.05 
Feteasca neagră 
2014 56.37 ± 10.90 hijkl 355.75 ± 10.05 d 47.00 ± 6.35 a 122.96 ± 11.82 ijklm 131.53 ± 11.39 de 
2015 46.70 ± 2.28 l 332.93 ± 9.03 ef 36.15 ± 2.07 bc 120.74 ± 9.39 ijklmn 114.85 ± 7.48 efgh 
2016 54.92 ± 10.69 ijkl 291.67 ± 5.86 g 35.90 ± 3.48 bcd 114.15 ± 6.17 klmnop 130.72 ± 1.74 de 
Average 52.66 ± 4.92 326.78 ± 2.18 39.69 ± 2.19 119.28 ± 2.84 125.70 ± 4.85 
Burgund Mare 
2016 24.77 ± 1.36 n 226.74 ± 10.78 jk 17.44 ± 6.19 klm 106.74 ± 6.69 mnop 100.50 ± 2.70 fghi 
2017 27.28 ± 0.72 mn 249.00 ± 6.44 hi 24.11 ± 6.19 ghijk 110.74 ± 11.23 lmnop 110.78 ± 11.17 fghi 
2018 19.34 ± 2.66 n 211.85 ± 2.35 kl 22.96 ± 1.59 hijk 111.04 ± 1.23 lmnop 105.69 ± 3.37 ghij 
Average 24.81 ± 0.99 229.20 ± 4.21 21.51 ± 2.34 109.51 ± 5.02 105.69 ± 3.37 
Băbeasca neagră 
2015 26.77 ± 6.73 mn 147.96 ± 11.91 m 9.96 ± 2.11 n 92.37 ± 14.98 r 186.87 ± 10.85 bc 
2016 32.45 ± 1.29 m 237.12 ± 8.44 ij 13.29 ± 0.96 lmn 99.93 ± 2.09 opr 190.90 ± 10.85 bc 
2017 32.45 ± 1.06 mn 254.26 ± 11.06 h 17.34 ± 7.50 klm 88.81 ± 1.06 r 202.89 ± 6.51 ab 
Average 30.47 ± 3.21 213.11 ± 1.81 13.53 ± 3.50 93.70 ± 7.76 193.55 ± 2.20 
Feteasca regală 
2015 60.18 ± 6.69 ghij 123.67 ± 11.12 n 32.56 ± 1.53 cdef 141.78 ± 1.79fg 67.99 ± 8.29 op 
2016 74.11 ± 2.55 def 125.56 ± 3.90 n 32.34 ± 1.12 cde 124.04 ± 3.16 ijkl 82.22 ± 8.58 lmno 
2017 69.84 ± 9.64 efg 119.89 ± 6.77 n 30.22 ± 1.62 cdefg 109.73 ± 2.58  lmnop 50.36 ± 7.58 r 
Average 68.04 ± 3.52 123.04 ± 3.64 31.70 ± 0.27 125.19 ± 0.69 66.86 ± 0.52 
Feteasca albă 
2015 89.55 ± 6.42 b 226.30 ± 17.28 jk 22.97 ± 1.59 hijk 71.04 ± 4.77 q 76.07 ± 7.72 mnop 
2016 93.23 ± 3.04 b 236.23 ± 7.81 ij 25.23 ± 5.70 fghij 69.19 ± 3.57 q 58.60 ± 15.09 pr 
2018 76.56 ± 0.95 cde 197.60 ± 7.12 l 29.11 ± 1.96 defgh 65.78 ± 4.15 q 79.16 ± 7.06 lmno 
Average 83.30 ± 2.76 220.04 ± 5.68 25.77 ± 2.27 68.67 ± 0.60 71.28 ± 4.46 
Băbeasca gri 
2014 86.99 ± 7.15 b 205.33 ± 7.03 l 6.96 ± 2.74 n 182.56 ± 8.22 c 133.25 ± 12.65 d 
2015 90.40 ± 2.45 b 202.41 ± 11.43 l 10.30 ± 2.28 n 182.67 ± 4.92 c 127.60 ± 5.53 def 
2016 87.86 ± 3.11 b 321.93 ± 9.96 f 11.14 ± 1.23 n 166.59 ± 9.89 d 100.25 ± 1.93 hijk 
Average 89.55 ± 3.11 243.22 ± 2.24 9.47 ± 0.77 177.27 ± 2.53 120.37 ± 5.45 
Șarba 
2014 47.55 ± 3.18 l 351.97 ± 5.84 d 18.89 ± 2.08 jkl 132.26 ± 2.66 ghi 70.01 ± 3.93 nop 
2015 61.54 ± 4.02 ghij 255.63 ± 11.00 h 19.66 ± 1.35 ijkl 150.56 ± 5.51 ef 75.36 ± 6.00 mnop 
2016 54.56 ± 4.99 ijkl 230.78 ± 0.77 j 20.82 ± 0.80 ijk 118.90 ± 5.83 jklmno 75.69 ± 7.69 mnop 
Average 53.66 ± 0.90 279.46 ± 5.11 19.79 ± 0.64 133.91 ± 1.74 73.69 ± 1.88 
Aligoté 
2014 88.74 ± 4.99 b 203.74 ± 12.18 l 34.78 ± 3.86 cd 113.08 ± 5.33 lmnop 104.81 ± 8.49 ghij 
2015 89.45 ± 3.89 b 347.93 ± 7.33 de 30.78 ± 1.71 cdefg 104.81 ± 5.26 nop 109.18 ± 3.42 ghi 
2016 86.33 ± 3.12 b 355.97 ± 1050 d 26.66 ± 2.85 efghi 123.31 ± 11.00 ijklm 106.48 ± 2.85 ghij 
Average 88.17 ± 0.48  302.55 ± 2.46 30.74 ± 1.08  113.73 ± 3.30 106.82 ± 3.10 
 
 
Area Variety Vintage           Ca               K Na (MPL=60 mg/L)           Mg             P 
Sauvignon blanc 
2014 103.49 ± 3.73 a 126.35 ± 5.20 n 22.96 ± 2.90 hijk 98.74 ± 1.11 opr 135.69 ± 8.30 d 
2015 110.92 ± 3.73 a 120.75 ± 0.74 n 31.41 ± 1.32 cdef 91.81 ± 3.45 r 135.45 ± 6.58 d 
2016 105.82 ± 5.91 a 146.90 ± 5.51 m 30.96 ± 1.08 cdef 95.34 ± 1.00 pr 106.37 ± 1.72 ghij 
Average 106.74 ± 1.12  131.33 ± 2.67 28.44 ± 0.99 95.30 ± 1.38 125.83 ± 3.42 
Muscat Ottonel 
2014 82.52 ± 3.96 bcd 294.89 ± 6.26 g 31.11 ± 10.19 cdefg 227.71 ± 4.16 a 85.90 ± 10.19 klmn 
2015 92.01 ± 4.19 b 251.89 ± 16.62 hi 18.89 ± 5.86 jkl 206.63 ± 6.83 b 99.81 ± 2.18 hijk 
2016 86.68 ± 6.92 b 212.78 ± 6.17 kl 23.24 ± 6.18 hijk 158.52 ± 5.96 de 79.34 ± 8.60 lmno 
Average 87.07 ± 1.65  253.19 ± 6.01 24.75 ± 2.41  197.62 ± 1.37 88.35 ± 4.24 
Italian Riesling 
2014 63.08 ± 5.74 ghi 225.52 ± 7.73 jk 17.78 ± 4.86 klm 126.60 ± 6.79 hijk 93.48 ± 17.16 ijkl 
2015 70.34 ± 2.54 efg 224.03 ± 18.72 jk 21.22 ± 0.01 ijk 138.43 ± 5.65 gh 95.59 ± 16.71 ijkl 
2016 63.45 ± 5.98 ghi 201.07 ± 2.82 l 20.70 ± 0.71 ijk 128.98 ± 5.46 hij 92.93 ± 10.78 ijkl 
Average 65.62 ± 1.92 219.88 ± 8.14 19.90 ± 2.62 131.33 ± 0.72 93.33 ± 3.56 
Sig. 
*** *** *** *** *** 
58.317 312.265 18.268 82.066 10.152 
Variety *** *** *** *** *** 
Years ** ns ns *** ns 
Variety × Years * *** *** *** ** 
Average value ± standard deviation (n = 3). Romansˈ letters represent the significance of the difference (Duncan test, p < 0.05). The difference between any two values, followed by at least one common 
letter, is insignificant. MPL = maximal permissible limit (O.I.V., 2016). LOQ = lower than the limit of quantification. 
 
Table 3. Determination of trace elements in wines from Dealu Bujorului vineyard by ICP-MS (mg/L); (mean ± SD) 
 












Merlot 2014 10.81 ± 1.31 ijkl 0.70 ± 0.07 abcd 0.16 ± 0.07 jkl 1.11 ± 0.13 jklmo 10.66 ± 1.35 hij 0.41 ± 0.24 ijkl 
2016 13.56 ± 0.58cdefghi 0.70 ± 0.17 abcd 0.21 ± 0.02 hijkl 1.19 ± 0.06 jklmn 11.93 ± 0.61 efghi 0.56 ± 0.11 efghijkl 
2018 11.52 ± 0.72 efghij 0.62 ± 0.22 abcde 0.20 ± 0.07 ijkl 1.03 ± 0.07 lmnop 11.34 ± 1.69 ghi 0.57 ± 0.11 efghijkl 
Average 11.96 ± 0.39 0.68 ± 0.08 0.19 ± 0.03 1.11 ± 0.04 11.31 ± 0.55 0.54 ± 0.08 
Cabernet 
Sauvignon 
2014 12.90 ± 1.53 defghi 0.44 ± 0.11 defghijk 0.16 ± 0.06 jkl 0.80 ± 0.17 nopqr 12.63 ± 1.57 defgh 0.44 ± 0.02 hijkl 
2015 14.56 ± 4.05 cdef 0.49 ± 0.06 bcdefghijk 0.23 ± 0.11 hijkl 0.88 ± 0.10 mnopq 12.52 ± 1.63 defgh 0.54 ± 0.11 efghijkl 
2016 13.27 ± 0.95 cdefghi 0.51 ± 0.22 bcdefghij 0.20 ± 0.06 ijkl 0.51 ± 0.17 qrs 10.70 ± 0.71 ijk 0.37 ± 0.12 jkl 
Average 13.57 ± 1.65 0.48 ± 0.08 0.20 ± 0.03 0.77 ± 0.04 11.95 ± 0.51 0.45 ± 0.06 
Feteasca neagră 2014 16.26 ± 2.01 abc 0.45 ± 0.11 cdefghijk 0.43 ± 0.04 bcde 3.11 ± 0.19 b 9.15 ± 1.28 jkl 0.66 ± 0.06 efghij 
2015 13.93 ± 1.47 cdefgh 0.24 ± 0.02 jk 0.42 ± 0.05 bcdef 3.30 ± 0.13 ab 7.78 ± 2.06 jklm 0.69 ± 0.06 abcd 
2016 15.63 ± 1.22 bcd 0.29 ± 0.06 ghijk 0.30 ± 0.06 defghij 3.59 ± 0.56 a 8.70 ± 1.04 ijkl 0.69 ± 0.05 abcde 
Average 15.28 ± 0.40 0.32 ± 0.03 0.38 ± 0.01 3.33 ± 0.23 8.54 ± 0.53 0.68 ± 0.03 
Burgund Mare 2016 13.23 ± 1.01 cdefghi 0.56 ± 0.11 bcdefgh 0.18 ± 0.04 jkl 2.23 ± 0.10 c 6.55 ± 1.06 klm 0.47 ± 0.06 ghijkl 
2017 10.74 ± 1.21 ijkl 0.57 ± 0.02 bcdefg 0.17 ± 0.05 jkl 2.03 ± 0.07 cde 7.44 ± 1.99 klm 0.62 ± 0.06 efghijk 
2018 13.27 ± 0.95 cdefghi 0.61 ± 0.15 abcdef 0.20 ± 0.02 ijkl 1.99 ± 0.11 dcef 6.76 ± 2.15 klm 0.59 ± 0.06 efghijkl 
Average 12.41 ± 0.14 0.58 ± 0.07 0.18 ± 0.01 2.09 ± 0.02 6.92 ± 0.59 0.56 ± 0.01 
Băbeasca neagră  2015 9.63 ± 0.44 kl 0.28 ± 0.05 hijk 0.11 ± 0.02 l 1.33 ± 0.10 ijklm 14.86 ± 1.48 bcdef 0.73 ± 0.07 efgh 
2016 10.74 ± 1.20 ijkl 0.33 ± 0.10 fghijk 0.16 ± 0.05 jkl 1.40 ± 0.17 hijkl 15.78 ± 1.79 bcd 0.59 ± 0.16 efghijkl 
2017 12.25 ± 0.97 efghij 0.37 ± 0.07 efghijk 0.16 ± 0.05 jkl 1.48 ± 0.44 ghijkl 15.60 ± 0.64 bcd 0.51 ± 0.17 fghijkl 
Average 10.87 ± 0.39 0.33 ± 0.03 0.14 ± 0.02 1.41 ± 0.18 15.41 ± 0.60 0.61 ± 0.06 
 
 
Area Variety Vintage            Fe Cu (MPL=1 mg/L)        Mn Zn (MPL=5 mg/L)              L         Cr 
Feteasca regală 2015 9.44 ± 0.69 l 0.44 ± 0.11 defghijk 0.63 ± 0.12 a 0.37 ± 0.12 rs 4.57 ± 0.58 m 0.81 ± 0.16 cdef 
2016 11.37 ± 1.55  ghijkl 0.87 ± 0.11 a 0.52 ± 0.15 abc 0.51 ± 0.23 qrs 5.62 ± 0.68 lm 0.73 ± 0.11 abc 
2017 11.80 ± 0.72 fghijkl 0.70 ± 0.33 abcd 0.61 ± 0.16 a 0.64 ± 0.09 pqrs 4.90 ± 0.58 m 0.80 ± 0.12 cdef 
Average 10.87 ± 0.49 0.67 ± 0.13 0.59 ± 0.02 0.51 ± 0.07 5.06 ± 0.06 0.78 ± 0.03 
Feteasca albă 2015 11.92 ± 1.54 fghijkl 0.47 ± 0.06 cdefghijk 0.16 ± 0.06 jkl 2.93 ± 0.51 b 12.86 ± 1.19 defgh 0.84 ± 0.16 bcde 
2016 10.55 ± 0.97 jkl 0.73 ± 0.24 abc 0.28 ± 0.06 fghijk 2.07 ± 0.08 cd 11.90 ± 1.53 efghi 0.51 ± 0.06 fghijkl 
2018 14.23 ± 1.01cdefg 0.71 ± 0.05 abcd 0.21 ± 0.02 hijkl 1.11 ± 0.29 klmno 13.92 ± 0.54 cdefgh 0.65 ± 0.11 efghij 
Average 12.23 ± 0.32 0.64 ± 0.11 0.22 ± 0.02 2.04 ± 0.22 12.89 ± 0.50 0.67 ± 0.05 
Băbeasca gri 2014 20.78 ± 0.77 a 0.51 ± 0.16 bcdefghij 0.36 ± 0.08 defgh 0.25 ± 0.07 s 14.63 ± 2.04 cdefg 0.50 ± 0.06 fghijkl 
2015 19.18 ± 2.47 a 0.55 ± 0.18 bcdefgh 0.55 ± 0.11 ab 0.33 ± 0.11 s 18.26 ± 2.95 ab 0.61 ± 0.13 efghijkl 
2016 18.78 ± 2.83 a 0.17 ± 0.02 k 0.34 ± 0.10 defghi 0.23 ± 0.11 s 16.90 ± 3.78 abc 0.62 ± 0.07 efghijk 
Average 19.58 ± 1.10 0.59 ± 0.01 0.41 ± 0.01 0.27 ± 0.02 16.60 ± 0.87 0.58 ± 0.04 
Șarba 2014 14.56 ± 3.21 cdef 0.77 ± 0.22 ab 0.55 ± 0.11 ab 1.58 ± 0.63 efghij 12.56 ± 1.53 defgh 0.62 ± 0.16 efghijkl 
2015 18.02 ± 0.35 ab 0.59 ± 0.12 bcdef 0.39 ± 0.05 cdefg 1.56 ± 0.49 fghijk 15.23 ± 1.00 bcde 0.77 ± 0.18 defg 
2016 18.74 ± 2.50 a 0.45 ± 0.18 cdefghijk 0.44 ± 0.12 bcd 1.82 ± 0.51 cdefgh 11.52 ± 0.72 fghi 0.73 ± 0.06 efgh 
Average 17.11 ± 1.49 0.60 ± 0.05 0.46 ± 0.03 1.66 ± 0.07 13.10 ± 0.41 0.71 ± 0.06 
Aligoté 2014 10.46 ± 0.68 jkl 0.51 ± 0.12 bcdefghij 0.30 ± 0.13 efghij 1.93 ± 0.28 cdefg 14.89 ± 0.58 bcdef 1.07 ± 0.13 bc 
2015 14.93 ± 3.52 cde 0.65 ± 0.18 abcde 0.28 ± 0.06 fghijk 2.12 ± 0.01 cd 11.52 ± 0.72 fghi 1.11 ± 0.11b 
2016 14.23 ± 1.00 cdefg 0.69 ± 0.22 abcd 0.16 ± 0.05 jkl 1.37 ± 0.13 hijkl 14.60 ± 0.64 cdefg 1.06 ± 0.13 bcd 
Average 13.21 ± 1.56 0.62 ± 0.05 0.25 ± 0.04 1.81 ± 0.14 13.67 ± 0.07 1.08 ± 0.01 
Sauvignon blanc 2014 10.56 ± 1.42 jkl 0.77 ± 0.10 ab 0.25 ± 0.08 ghijkl 1.29 ± 0.06 ijklm 16.56 ± 4.16 abc 0.36 ± 0.06 jkl 
2015 11.90 ± 1.15  fghijkl 0.70 ± 0.06 abcd 0.13 ± 0.05 kl 1.69 ± 0.33 defghi 15.93 ± 1.23 bcd 0.32 ± 0.12 kl 
2016 10.89 ± 1.43 ijkl 0.52 ± 0.16 bcdefghi 0.18 ± 0.05 jkl 1.26 ± 0.06 ijkmn 19.23 ± 2.00 a 0.31 ± 0.11 l 
Average 11.12 ± 0.16 0.66 ± 0.05 0.19 ± 0.02 1.41 ± 0.15 17.24 ± 1.52 0.33 ± 0.03 
Muscat Ottonel 2014 13.26 ± 0.95 cdefghi 0.21 ± 0.03 k 0.18 ± 0.05 jkl 0.43 ± 0.11 qrs 14.27 ± 1.95 cdefg 0.84 ± 0.16 bcde 
2015 9.66 ± 0.72 kl 0.26 ± 0.16 ijk 0.26 ± 0.07 ghijk 0.66 ± 0.12 opqrs 14.56 ± 0.58 cdefg 1.40 ± 0.52 a 
2016 12.86 ± 1.19 efghijkl 0.34 ± 0.11 fghijk 0.19 ± 0.03 ijkl 1.10 ± 0.13 klmno 15.56 ± 2.31 bcd 1.03 ± 0.17 bcd 
Average 11.93 ± 0.23 0.37 ± 0.07 0.21 ± 0.02 0.73 ± 0.01 14.80 ± 0.91 1.09 ± 0.20 
Italian Riesling 2014 12.23 ± 2.00 cdefghi 0.33 ± 0.11 fghijk 0.25 ± 0.06 ghijkl 2.03 ± 0.17 cde 13.58 ± 1.18 cdefgh 0.51 ± 0.24 fghijkl 
2015 11.11 ± 1.83 hijkl 0.40 ± 0.05 defghijk 0.33 ± 0.11 defghi 2.00 ± 0.12 cde 16.56 ± 4.04 abc 0.50 ± 0.12 fghijkl 
2016 13.34 ± 1.17 cdefhi 0.40 ± 0.07 defghijk 0.28 ± 0.05 fghijk 1.37 ± 0.16 hijkl 13.56 ± 0.58 cdefgh 0.77 ± 0.29 defg 
Average 12.23 ± 0.44 0.37 ± 0.03 0.29 ± 0.03 1.80 ± 0.03 14.57 ± 1.85 0.60 ± 0.09 
Sig.  *** *** *** *** *** *** 
 8.882 4.357 10.152 34.616 13.519 6.826 
Variety  *** *** *** *** *** *** 
Years  * ns ns * ns ns 
Variety × Years  ** ns * *** ns * 
Average value ± standard deviation (n = 3). Romansˈ letters represent the significance of the difference (Duncan test, p < 0.05). The difference between any two values, followed by at least one common 




Table 4. Determination of heavy elements found in wines from Dealu Bujorului vineyard by ICP-MS (µg/L (mean ± SD) 
 












Merlot 2014 0.22 ± 0.10 efghijk 24.22 ± 7.00 lmno 2.90 ± 1.52 hijk 9.89 ± 3.03 efghijk 0.20 ± 0.03 def 0.15 ± 0.07 cdefg 
2016 0.15 ± 0.06 ghijklm 20.81 ± 0.80 mno 4.93 ± 0.61 defghi 7.10 ± 2.45 ijklmn 0.20 ± 0.02 def 0.16 ± 0.03 cdefg 
2018 0.15 ± 0.03 ghijklm 20.73 ± 2.39 mno 5.23 ± 1.00 defgh 13.70 ± 4.50 abcd 0.13 ± 0.04 ef 0.13 ± 0.02 efg 
Average 0.17 ± 0.03 21.92 ± 3.22 4.35 ± 0.46 10.23 ± 1.06 0.18 ± 0.01 0.15 ± 0.02 
Cabernet 
Sauvignon 
2014 0.10 ± 0.02 klm 41.85 ± 1.80 hijk 4.17 ± 0.85 efghi 12.45 ± 1.07 bcdef ULD 0.12 ± 0.03 efg 
2015 0.16 ± 0.07 ghijklm 54.77 ± 9.96 efgh 3.17 ± 0.18 hijk 10.70 ± 1.61 cdefghi ULD 0.16 ± 0.02 cdefg 
2016 0.22 ± 0.10 efghijk 37.04 ± 6.41 ijkl 2.81 ± 0.47 ijk 11.39 ± 0.52 bcdefgh 0.17 ± 0.05 ef 0.13 ± 0.02 efg 
Average 0.16 ± 0.04 44.55 ± 4.09 3.38 ± 0.34 11.51 ± 0.54 - 0.14 ± 0.01 
Feteasca neagră 2014 0.33 ± 0.11 bcde 13.56 ±1.48 o 10.74 ± 1.84 c 4.27 ± 1.06 mno 0.20 ± 0.01 def 0.16 ± 0.05 cdefg 
2015 0.39 ± 0.08 abc 19.96 ± 1.22 mno 10.75 ± 1.20 c 3.64 ± 1.47 no 0.24 ± 0.07 bcde 0.21 ± 0.01 abcdef 
2016 0.27 ± 0.05 cdefg 14.23 ± 1.01 o 12.04 ± 0.71 c 4.94 ± 1.13 lmno 0.18 ± 0.04 ef 0.17 ± 0.02 cdefg 
Average 0.33 ± 0.03 15.95 ± 0.24 11.18 ± 0.56 4.28 ± 0.22 0.20 ± 0.03 0.18 ± 0.02 
Burgund Mare 2016 0.14 ± 0.07 ghijklm 48.45 ± 5.18 fghi 4.48 ± 1.12 efghi 2.96 ± 2.03 o 0.25 ± 0.15 bcde 0.16 ± 0.03 cdefg 
2017 0.11 ± 0.01 jklm 35.52 ± 7.23 ijkl 4.31 ± 1.12 efghi 6.78 ± 2.87 jklmn 0.12 ± 0.09 fg 0.23 ± 0.03 abcd 
2018 0.12 ± 0.01 jklm 41.97 ± 2.18 hijk 4.60 ± 0.64 efghi 8.54 ± 1.63 ghijkl 0.17 ± 0.06 ef 0.18 ± 0.01 bcdefg 
Average 0.12 ± 0.03 41.98 ± 2.54 4.46 ± 0.38 6.10 ± 0.64 0.18 ± 0.05 0.19 ± 0.01 
Băbeasca neagră  2015 0.48 ± 0.12 a 124.48 ± 6.83 a 4.28 ± 1.03 efghi 10.03 ± 0.25 defghijk 0.23 ± 0.12 cdef 0.16 ± 0.05 cdefg 
2016 0.40 ± 0.06 ab 121.49 ± 10.15 a 3.56 ± 0.58 ghijk 12.14 ± 2.18 bcdefg 0.25 ± 0.08 bcde 0.16. ± 0.05 cdefg 
2017 0.26 ± 0.07cdefghi 115.82 ± 6.62 a 3.81 ± 0.52 fghij 11.81 ± 1.23 bcdefg ULD 0.24 ± 0.06 abc 
Average 0.38 ± 0.03 120.93 ± 1.98 3.89 ± 0.28 11.33 ± 0.96 0.16 ± 0.06 0.19 ± 0.01 
Feteasca regală 2015 0.25 ± 0.11 defghi 55.41 ± 9.95 efg 20.70 ± 1.61 a 6.06 ± 1.56 lmno 0.35 ± 0.12 abc 0.13 ± 0.02 efg 
2016 0.27 ± 0.02 cdefgh 40.53 ± 7.30 ijk 21.05 ± 0.22 a 7.62 ± 1.32 ijklm 0.39 ± 0.02 a 0.17 ± 0.05 cdefg 
2017 0.30 ± 0.07 bcdef 42.12 ± 1.93 ghijk 18.46 ± 0.74 b 7.03 ± 0.78 ijklmn 0.35 ± 0.08 abc 0.19 ± 0.10 abcdefg 
Average 0.27 ± 0.05 46.02 ± 4.08 20.07 ± 0.70 6.91 ± 0.40 0.37 ± 0.05 0.16 ± 0.04 
Feteasca albă 2015 0.14 ± 0.07 hijklm 14.78 ± 2.87 o 4.18 ± 1.47 efghi 14.18 ± 2.83 abc ULD 0.14 ± 0.03 defg 
2016 0.12 ± 0.02 jklm 10.25 ± 0.64 o 3.95 ± 1.47 fghij 16.26 ± 3.37 a ULD 0.14 ± 0.03 defg 
2018 0.14 ± 0.05 hijklm 16.49 ± 6.86 no 4.48 ± 2.22 efghi 14.86 ± 2.81 ab ULD 0.20 ± 0.08 abcdefg 
Average 0.13 ± 0.03 13.84 ± 3.15 4.20 ± 0.70 15.10 ± 0.32 - 0.16 ± 0.03 
Băbeasca gri 2014 0.36 ± 0.06 abcd 30.06 ± 7.00 klmn 1.51 ± 0.71 k 8.00 ± 1.81 efghijk 0.21 ± 0.08 def 0.11 ± 0.02 g 
2015 0.27 ± 0.05 cdefg 21.50 ± 2.75 mno 1.43 ± 0.59 k 13.05 ± 1.05 abcde 0.21 ± 0.02 def 0.14 ± 0.03 defg 
2016 0.33 ± 0.11 bcde 31.45 ± 5.30 jklm 1.40 ± 0.16 k 11.52 ± 0.72 bcdefgh 0.36 ± 0.11 ab 0.13 ± 0.02 efg 
Average 0.32 ± 0.03 27.67 ± 2.14 1.45 ± 0.29 10.85 ± 0.55 0.26 ± 0.05 0.12 ± 0.01 
Șarba 2014 0.08 ± 0.05 m 78.95 ± 10.95 c 7.07 ± 1.78 d 5.75 ± 1.58 lmno 0.36 ± 0.09 ab 0.21 ± 0.02 abcdef 
2015 0.12 ± 0.05 jklm 66.73 ± 9.34 cde 6.34 ± 1.15 de 6.79 ± 1.70 jklmn 0.35 ± 0.11 abc 0.28 ± 0.06 a 
2016 0.08 ± 0.05 lm 70.66 ± 12.11 cd 3.14 ± 1.13 k 6.01 ± 0.58 lmno 0.31 ± 0.06 abcd 0.25 ± 0.06 abc 
Average 0.09 ± 0.03 72.11 ± 1.39 5.52 ± 0.37 6.18 ± 0.61 0.34 ± 0.02 0.25 ± 0.02 
Aligoté 2014 0.26 ± 0.06 cdefghi 35.85 ± 3.81 ijkl 5.93 ± 2.57 def 6.58 ± 2.07 klmno 0.15 ± 0.07 ef 0.17 ± 0.03 cdefg 
2015 0.36 ± 0.12 abcd 21.52 ± 1.80 mno 5.22 ± 1.00 defgh 10.37 ± 4.11 defghij 0.16 ± 0.03 ef 0.11 ± 0.02 g 
2016 0.33 ± 0.05 bcde 45.44 ± 7.90 ghij 5.67 ± 1.39 defg 12.28 ± 1.72 bcdef 0.19 ± 0.05 def 0.16 ± 0.02 cdefg 
Average 0.32 ± 0.04 34.27 ± 3.11 5.61 ± 0.82 9.75 ± 1.29 0.17 ± 0.02 0.15 ± 0.01 
 
 
Area Variety Vintage Cd (MPL=0.01 mg/L)     Pb (MPL=0.15 mg/L)         Co As (MPL=0.2 mg/L)         Hg          U 
Sauvignon blanc 2014 0.21 ± 0.02 efghijk 59.66 ± 17.99 def 4.23 ± 1.01 efghi 7.88 ± 1.36 hijklm 0.19 ± 0.03 def 0.21 ± 0.11 abcdef 
2015 0.29 ± 0.06 bcdef 62.44 ± 14.02 de 4.23 ± 1.01efghi 5.34 ± 1.73 lmno 0.20 ± 0.04 def 0.20 ± 0.02 abcdefg 
2016 0.20 ± 0.02 fghijklm 58.97 ± 16.17 def 1.84 ± 0.53 jk 8.74 ± 1.33 fghijkl ULD 0.22 ± 0.08 abcde 
Average 0.23 ± 0.02 60.36 ± 1.98 3.43 ± 0.27 7.32 ± 0.23 0.13 ± 0.02 0.21 ± 0.04 
Muscat Ottonel 2014 0.21 ± 0.03 efghijkl 29.65 ± 5.60 klmn 6.99 ± 2.35 d 13.56 ± 1.16 abcde 0.18 ± 0.03 ef 0.21 ± 0.02 abcdef 
2015 0.15 ± 0.07 ghijklm 40.69 ± 2.33 ijk 5.23 ± 1.00 defgh 13.19 ± 1.06 abcde 0.18 ± 0.06 ef 0.16 ± 0.04 cdefg 
2016 0.29 ± 0.06 bcdef 41.48 ± 1.64 ghijk 4.56 ± 0.58 efghi 14.22 ± 0.91 abc 0.21 ± 0.02 def 0.14 ± 0.03 defg 
Average 0.22 ± 0.02 37.27 ± 2.11 5.59 ± 0.92 13.66 ± 0.09 0.19 ± 0.02 0.17 ± 0.01 
Italian Riesling 2014 0.21 ± 0.02 efghijk 103.07 ± 4.78 b 3.27 ± 0.95 hijk 4.97 ± 1.43 lmno 0.18 ± 0.03 ef 0.28 ± 0.06 a 
2015 0.10 ± 0.02 klm 101.89 ± 2.51 b 3.93 ± 0.61 fghij 6.01 ± 0.50 lmno 0.16 ± 0.05 ef 0.16 ± 0.05 cdefg 
2016 0.25 ± 0.06 defghi 103.13 ± 5.38 b 1.71 ± 0.55 jk 5.64 ± 0.52 lmno 0.42 ± 0.07 a 0.22 ± 0.11 abcde 
Average 0.15 ± 0.02 102.70 ± 1.51 2.97 ± 0.21 5.54 ± 0.53 0.25 ± 0.02 0.22 ± 0.03 
Sig.   *** *** *** *** *** *** 
7.082 57.440 50.502 10.344 10.535 2.515 
Variety *** *** *** *** *** *** 
Years ns ns ** *** ns ns 
Variety × Years ** ** ** ** *** ns 
Average value ± standard deviation (n = 3). Romansˈ letters represent the significance of the difference (Duncan test, p < 0.05). The difference between any two values, followed by at least one common 
letter, is insignificant. M.P.L = maximal permissible limit (O.I.V., 2016). LOQ = lower than the limit of quantification.  
 
 
Table 5. Determination of macroelements found in soil from Dealu Bujorului vineyard by ICP-MS (mg/kg); (mean ± SD)) 
 
Soil sample Ca K Na Mg P 
1 136.13 ± 12.07 b 734.10 ± 14.37 d 123.80 ± 9.23 b 45.73 ± 2.51 de 74.09 ± 4.61 b 
2 111.94 ± 13.37 c 540.76 ± 2.11 f 169.76 ± 4.43 a 39.83 ± 4.03 e 62.25 ± 14.39 bc 
3 116.13 ± 13.98 c 475.75 ± 8.50 g 108.23 ± 1.63 bc 53.86 ± 2.57 cd 69.43 ± 20.76 bc 
4 104.71 ± 5.87 c 654.78 ± 13.92 e 157.41 ± 9.89 a 69.55 ± 5.97 b 99.12 ± 11.67 a 
5 165.73 ± 8.17 a 761.09 ± 8.64 c 117.99 ± 3.78 bc 54.46 ± 2.78 cd 64.23 ± 9.49 bc 
6 102.39 ± 6.32 c 665.66 ± 9.98 e 102.41 ± 5.34 c 57.23 ± 4.41 c 65.44 ± 8.25 bc 
7 147.33 ± 10.95 b 946.75 ± 12.26 a 120.66 ± 20.59 b 82.22 ± 9.28 a 67.77 ± 10.42 bc 
8 99.99 ± 6.81 c 848.76 ± 10.80 b 110.89 ± 7.72 bc 63.96 ± 8.27 bc 47.15 ± 14.42 c 
Average 123.04 ± 24.05 703.46 ± 154.31 162.39 ± 24.20 58.36 ± 13.44 68.68 ± 14.60 
Average value ± standard deviation (n = 3). Romansˈ letters represent the significance of the difference (Duncan test, p < 0.05). The difference between any two values, followed by at least one common 






Table 6. Determination of trace elements found in soil from Dealu Bujorului vineyard by ICP-MS (mg/kg (mean ± SD) 
 
Soil sample Fe Cu Mn Zn Li Cr 
Normal values - 20 mg/kg 900 mg/kg 100 mg/kg - 30 mg/kg 
Alert 
threshold  
Susceptible - 100 mg/kg 1500 mg/kg 300 mg/kg - 100 mg/kg 
Less susceptible - 250 mg/kg 2000 mg/kg 700 mg/kg - 300 mg/kg 
Intervention 
threshold 
Susceptible - 200 mg/kg 2500 mg/kg 600 mg/kg - 300 mg/kg 
Less susceptible - 500 mg/kg 4000 mg/kg 1500 mg/kg - 600 mg/kg 
1 68.96 ± 7.11 cd 127.24 ± 4.31 a 13.56 ± 2.09 ab 5.99 ± 2.02 ab 28.82 ± 3.51 c 3.02 ± 0.98 d 
2 58.16 ± 14.73 d 56.63 ± 1.71 d 15.72 ± 3.66 a 6.72 ± 0.38 ab 26.26 ± 7.04 cd 2.72 ± 1.01 d 
3 101.18 ± 3.46 b 120.97 ± 6.69 a 9.75 ± 1.28 bc 7.72 ± 1.99 a 50.19 ± 2.67 b 5.09 ± 1.75 bcd 
4 80.36 ± 7.34 c 102.26 ± 3.25 b 11.89 ± 2.02 ab 6.45 ± 0.96 ab 123.16 ± 8.55 a 7.45 ± 2.03 ab 
5 121.14 ± 6.96 a 79.91 ± 4.97 c 6.42 ± 0.80 c 3.80 ± 1.30 b 15.50 ± 5.76 e 4.34 ± 1.73 cd 
6 76.53 ± 17.40 cd 71.99 ± 6.27 c 9.26 ± 2.53 bc 5.50 ± 2.37 ab 20.16 ± 1.73 cde 3.76 ± 1.51 cd 
7 75.95 ± 11.56 cd 57.72 ± 12.49 d 14.84 ± 3.98 a 6.39 ± 1.86 ab 18.16 ± 3.01 de 9.96 ± 1.38 a 
8 65.02 ± 9.36 cd 115.99 ± 15.02 ab 5.28 ± 1.96 c 6.62 ± 1.36 ab 52.48 ± 3.78 b 6.45 ± 0.96 bc 
Average 80.91 ± 20.65 91.59 ± 28.62 10.84 ± 3.82 6.15 ± 1.14 41.84 ± 35.72 5.35 ± 2.47 
Average value ± standard deviation (n = 3). Roman letters represent the significance of the difference (Duncan test, p < 0.05). The difference between any two values, followed by at least one common 
letter, is insignificant. M.P.L = maximal permissible limit (O.I.V., 2016). LOQ = lower than the limit of quantification.  
 
 
Table. 7. Determination of heavy elements found in soil from Dealu Bujorului vineyard by ICP-MS (mg/kg); (mean ± SD) 
 
Soil sample Cd Pb Co As Hg U 
Normal values 1 mg/kg 20 mg/kg 15 mg/kg 5 mg/kg 0.1 mg/kg - 
Alert 
threshold  
Susceptible 3 mg/kg 50 mg/kg 30 mg/kg 15 mg/kg 1 mg/kg - 
Less susceptible 5 mg/kg 250 mg/kg 100 mg/kg 25 mg/kg 4 mg/kg - 
Intervention 
threshold 
Susceptible 5 mg/kg 100 mg/kg  50 mg/kg  25 mg/kg 2 mg/kg - 
Less susceptible 10 mg/kg 1000 mg/kg 250 mg/kg 50 mg/kg 10 mg/kg - 
1 0.18 ± 0.05 c 8.89 ± 0.59 a 21.35 ± 2.54 a 0.92 ± 0.06 bc 0.043 ± 0.024 b 0.60 ± 0.13 a 
2 0.25 ± 0.08 bc 8.38 ± 0.78 a 17.12 ± 3.53 ab 0.93 ± 0.18 bc 0.075 ± 0.028 ab 0.39 ± 0.15 ab 
3 0.20 ± 0.05 bc 3.63 ± 0.85 c 9.10 ± 3.33 c 0.77 ± 0.13 bc 0.072 ± 0.021 ab 0.58 ± 0.17 a 
4 0.35 ± 0.09 ab 6.29 ± 0.08 b 18.49 ± 0.95 ab 1.17 ± 0.12 ab 0.076 ± 0.022 ab 0.58 ± 0.15 a 
5 0.28 ± 0.08 bc 6.18 ± 0.53 b 13.77 ± 1.73 bc 1.53 ± 0.52 a 0.062 ± 0.004 ab 0.29 ± 0.04 b 
6 0.49 ± 0.15 a 1.92 ± 0.58 d 7.48 ± 1.15 c 0.56 ± 0.12 c 0.081 ± 0.023 a 0.47 ± 0.08 ab 
7 0.26 ± 0.06 bc 3.67 ± 0.84 c 18.30 ± 6.80 ab 0.82 ± 0.24 bc 0.071 ± 0.022 ab 0.39 ± 0.05 b 
8 0.25 ± 0.08 bc 6.29 ± 1.37 b 9.38 ± 3.48 c 0.99 ± 0.09 bc 0.093 ± 0.007 a 0.59 ± 0.12 a 




Manganese plays an essential role in living things, including humans, such as oxidative phosphorylation, fatty 
acid, and cholesterol metabolism, mucopolysaccharide metabolism, and activation of some enzymes (Prashanth et 
al., 2015). The concentration of Mn in wine depends on the uptake capacity of the vine as well as on the contribution 
of the soil. The amount of Mn in wines may also be influenced by agricultural practices and equipment of the cellar 
(Fabani et al., 2010, Geana et al., 2016). Mn concentration range from 0.11 ± 0.02 mg/L to 0.63 ± 0.12 mg/L (Table 
3). The results agree with values reported in the literature in the wine produced in Turkey (1.01 mg/L Mn – 1.94 
mg/L Mn) (Karataș et al., 2015) and Romania, obtained at Dragașani and Recaș vineyards (0.16 mg/L Mn – 1.87 
mg/L Mn) (Geana et al., 2014). 
Zinc is one of the essential elements required by the human system (Izah et al., 2016), it plays several functions 
in the human body, such as wound healing, blood clotting, proper thyroid function, maintenance of good vision 
(Chasapis et al., 2012, Izah et al., 2016, Salako et al., 2016), taste acuity, prostaglandin production, bone 
mineralization, cognitive functions, fetal growth, sperm production, cell growth, development, differentiation, 
homeostasis, connective tissue growth and maintenance, protein synthesis, DNA synthesis, RNA transcription, cell 
division, and cell activation (Chasapis et al., 2012, Izah et al., 2016, Marias et al., 2009). There is a limit for Zn 
concentration in wines, introduced in some countries due to health risk concerns. Specifically, Office International 
de la Vinge et du Vin recommends that the maximal concentration may not exceed 5 mg/L Zn (O.I.V., 2016). The 
highest concentration was recorded by the wine obtained from the Feteasca neagră variety (3.59 ± 0.56 mg/L Zn 
and 3.30 ± 0.13 mg/L Zn), with an average value of 3.33 ± 0.23 mg/L Zn, as you can see the values obtained were 
well below the maximum allowed values. Zn concentration was also present in amounts similar to previously 
published results (Karataș et al., 2015, Lara et al., 2005, Geana et al., 2014, Bora et al., 2016, Geana et al., 2016, Bora 
et al., 2019). Higher concentrations may result from the vineyard, equipment or prolonged maceration and may lead 
to unfavorable effects on the sensory proprieties of wine (Ibanez et al., 2008). 
Lithium is a naturally occurring alkali metal, which living organisms ingest from dietary sources and which is 
also present in trace amounts in the human body. In much higher concentration, Li is effective as a medication for 
mania and mood swings including manic depressive disorders (Demling et al., 2001). Taking lithium long-term 
could have a prophylactic effect on this kind of change in bodily requirements (Demling et al., 2001). Li 
concentration in wines does not seem to be influenced by the production process, their presence is due to the 
vineyard soil composition and ability of the plant to absorb those (Szefer et al., 2007). The importance of Li 
determination in wine increased because Li can be employed for geographical classification of wines (Szefer et al., 
2007). In most samples, the concentration varied in the range of 4.57 ± 0.58 mg/L (registered in the wine obtained 
from the Feteasca regală variety) to 19.23 ± 2.00 mg/L (in Sauvignon blanc variety) with an average of 12.47 ± 1.49 
mg/L Li. From the obtained results it can be observed that the white wine (13.49 ± 0.77 mg/L Li) has a higher 
concentration of Li in comparison with red wine (10.83 ± 0.56 mg/L Li). The results agree with values reported in 
the literature by Ivanova-Peropulos et al. (2016), Bora et al. (2016) and Bora et al. (2019). 
Chromium is one of the toxic essential metals, it is harmful to humans when its concentration exceeds tolerable 
limits. It aids in the biosynthesis of glucose tolerance factor (Marias et al., 2009, Iwegbue et al., 2013), utilization of 
sugar protein and fats (Orisakwe et al., 2014), catabolism of fat and carbohydrates, and the maintenance of blood 
glucose, especially in diabetic patients (Salako et al., 2016). A high concentration of Cr was recorded in Aligoté (1.08 
± 0.01 mg/L Cr – average value) and also in Muscat Ottonel (1.09 ± 0.20 mg/L Cr – average value) variety. Cr 
concentration was also present in amounts similar to previously published results (Bora et al., 2016, Geana et al., 
2016, Bora et al., 2019). 
Cadmium is one of the toxic heavy metals to human tissues even at low concentration, is used in several 
industries and it also occurs naturally in the environment as the Earth crust. Authors have reported that non-
alcoholic beverages usually have low Cd content i.g., within the permissible limits as reported by Adepoju-Bello et 
al. (2012), Engwa et al. (2015), Salako et al. (2016), Magomya et al. (2015) and higher concentration above maximal 
permissible limit (MPL limits) have been reported by Iweala et al. (2014) and Adegbola et al. (2015). There is a limit 
for Cd concentration in wines, introduced in some countries due to health risk concerns, the limit was set to the 
values of 0.01 mg/L Cd by International Organisation of Vine and Wine (O.I.V., 2016). The high concentrations of Cd 
were recorded in the Băbească neagră (0.48 ± 0.12 µg/L Cd, 0.40 ± 0.06 µg/L Cd, 0.26 ± 0.07 µg/L Cd whit an average 
value of 0.38 ± 0.03 µg/L Cd) and Aligoté variety (0.26 ± 0.06 µg/L Cd, 0.36 ± 0.12 µg/L Cd, 0.33 ± 0.05 µg/L Cd whit 
an average value of 0.32 ± 0.04 µg/L Cd) but the obtained values are below the maximum limit allowed. At the 
opposite pole, the lowest concentration was recorded by the Burgund Mare (0.14 ± 0.07 µg/L Cd, 0.11 ± 0.01 µg/L 
Cd, 0.12 ± 0.01 µg/L Cd whit an average value of 0.12 ± 0.03 µg/L Cd) and Feteasca regală variety (0.14 ± 0.07 µg/L 
Cd, 0.12 ± 0.02 µg/L Cd, 0.14 ± 0.05 µg/L Cd whit an average value of 0.13 ± 0.03 µg/L) Cd. The results agree with 
values reported in the literature by Ivanova-Petropulos et al. (2013) 0.25 µg Ðurđic et al. (2017) Cd/L, 0.14 µg/L 
Cd, but compared with other results (Ivanova-Petropulos et al., 2013), the concentration of Cd was significantly 
higher than ours 10.60 µg/L Cd. 
Lead is found in the Earth crust and has been reported to emit from anthropogenic activities, such as combustion 
of fossil fuels, mining, paint, battery production, etc. Pb was found above (MPL) limits in beverages (alcoholic and 
non-alcoholic), as reported by Engwa et al. (2015), Ogunlana et al. (2015), and low concentration by Adepoju-Bello 
et al. (2012), and Iweala et al. (2014). International Organisation of Vine and Wine (O.I.V.) set a maximum 
 
 
permissible limit for the concentration of Pb in wines due to health risk concerns, the limit was set to 0.15 mg/L Pb 
(O.I.V., 2016). All wines had Pb concentration below 0.15 mg/L (mean value was 0.04 mg/L), considered to be the 
minimum concentration necessary to endanger life. Pb concentration was also present in amounts similar to 
previously published results by Avram et al. (2014) and Ðurđic et al. (2017). 
The possibility of contamination of wine with toxic heavy metals has led to many attempts to improve wine-
making technology. The increased use of stainless-steel winery equipment and machinery has resulted in an 
increased concentration of metals such as Cr, Co, Ni, and V (Szefer et al., 2007). Co can also originate from the contact 
of wines with glass bottles if they are made from either nickel oxide or blue glass, which can contain up to 0.02-0.05 
mg/L Co (Szefer et al., 2007). Concentration of Co has recorded values between 1.51 ± 0.71 µg/L, 1.43 ± 0.59 µg/L, 
1.40 ± 0.16 µg/L in the wine obtained from Băbească gri variety and 20.70 ± 1.61 µg/L, 21.05 ± 0.22 µg/L, 18.46 ± 
0.74 µg/L in Feteasca regală variety with an average value of 5.85 ± 1.02 µg/L Co. The average values show that the 
white wines have higher Co level (6.11 µg/L Co) then red wines (5.45 µg/L Co). 
The results agree with other studies in Macedonia 3.9 µg/L Co (Ivanova-Petropulos et al., 2013) and 13.90 µg/L 
Co (Ivanova-Petropulos et al., 2016), and in Serbia (Ðurđic et al., 2017) 3.89 µg/L Co for red wines and 3.96 µg/L Co 
for white wines. 
Arsenic is one of the non-essential heavy metals found in the environment, its concentration in ingestible items 
suggests contamination. Vines absorb arsenic from the soil in its most stable form of As (V) and about 60% of this 
amount is reduced during fermentation to the highly toxic trivalent state – As (III) (Szefer et al., 2007). The reduction 
of As (V) is followed by a 10 to 30% precipitation of As (III) as As2S3 and the remaining amount stays dissolved in 
the wine (Szefer et al., 2007). When vineyards are treated with arsenic pesticides, the corresponding wines seem to 
have a relatively high concentration (up to 1 mg/L As) (Szefer et al., 2007). Office International de la Vinge et du Vin 
set a maximum permissible limit for the concentration of As in wines the limit of 0.2 mg/L As (O.I.V., 2016). All 
wines had As concentration below 0.2 mg/L (mean value was 0.009 mg/L), considered to be the minimum 
concentration necessary to endanger life. The results agree with other studies in Serbia (Ðurđic et al., 2017) 16.1 
µg/L As for red wines, and 9.46 µg/L As for white wines, in Macedonia (Ivanova-Petropulos et al., 2016) 11.7 µg/L 
As, in Romania (Avram et al., 2014) 21.12 µg/L As. 
Mercury is a naturally occurring element that is present throughout the environment, being recognized as a 
global contaminant because it can undergo long-range transport in the atmosphere, persistent in the environment, 
accumulated in the food web, and pose severe adverse on the human and ecosystem health (Fizgerald et al., 2005). 
In the biological systems and the environment, Hg can exist in their oxidation states, namely, Hg (0) (metallic), Hg 
(II) (mercuric), and Hg (I) (mercurous), with the monovalent form being rare owing to its instability (Ullrich et al., 
2001). All forms of Hg are toxic, but particularly problematic are the organic forms such as MeHg, which is a 
neurotoxin (Clarkson and Magos, 2006). In addition to neurotoxicity, Hg, in inorganic and/or organic forms, can 
affect other systems and sequentially cause adverse effects including renal toxicity, myocardial infarction, immune 
malfunction, and irregular blood pressure (Guangliang et al., 2012). Concentration of Hg has recorded values 
between 0.35 ± 0.12 µg/L, 0.39 ± 0.02 µg/L, 0.35 ± 0.08 µg/L in the wine obtained from Fetească regală variety and 
0.15 ± 0.07 µg/L, 0.16 ± 0.03 µg/L, 0.19 ± 0.05 µg/L in Aligoté variety with an average value of 0.19 ± 0.05 µg/L Hg. 
The average values show that the white wines have higher values (0.21 µg/L Hg) compared to red wines (0.16 µg/L 
Hg). The results agree with those made in Romania (Avram et al., 2014) for Sauvignon Blanc 0.56 µg/L Hg, Fetească 
alba 0.22 µg/L Hg and Italian Riesling 0.16 µg/L Hg.  
Uranium is a naturally occurring element and is quite abundant in seawater, freshwater sources, soil, and plants, 
consequently humans are continually exposed to U compounds mainly through their diet and less significant to U-
containing aerosols through the air they breathe (Karpas, 2014). These nonessential elements are toxic at very low 
doses with a long biological half-life so that exposure to them is potentially harmful (Karpas, 2014). The kidney can 
absorb and accumulate divalent metal ions and is the first target organ of heavy metal toxicity (Barbier et al., 2005). 
The U concentration in the studied wine samples was relatively low, having an average of 0.18 ± 0.04 µg/L, higher 
concentration was recorded by white wine (0.18 µg/L U) compared to red wine (0.16 µg/L U). These results seem 
to be compatible with some other studies 0.11 µg/L U (Ivanova-Petropulos et al., 2013), and was also present in 
amounts similar to previously published results (Bora et al., 2016, Bora et al., 2017, Bora et al., 2019). 
Examining the factors which influenced the concentration of metals in wines, it can be seen that the content in 
Ca, K, Na, Mg, P, Fe, Cu, Mn, Zn, Li, Cr, Cd, Pb, Co, As, Hg, and U was significantly influenced by the variety factor. 
Viticulture is an important agricultural practice in many countries and the long-term use of organic and 
inorganic pesticides in vineyards has led to increased concentration of these pollutants in soils and other 
environmental compartments (Flores-Vélez et al., 1996, Ribolzi et al., 2002, Solgi et al., 2016). Contamination with 
metals, heavy metals, together with erosion and tillage, reduces the quality of soils and poses serious environmental 
and toxicological threats. Vineyard soils are usually highly degraded soils in terms of biochemical properties 
(Miguéns et al., 2007), so they are more susceptible to contamination (Rodríguez Martín et al., 2007, Solgi et al., 
2016). The natural concentration of metals and heavy metals in soils depends primarily on geological parent 
material composition, however, due to human activities, the heavy metal concentration in soils frequently rises 
(Solgi et al., 2016). Additionally, the mineral characterization of soils from Dealu Bujorului vineyard according to 
Ca, K, Na, Mg, P, Fe, Cu, Mn, Zn, Li, Cr, Cd, Pb, Co, As, Hg and U was performed. The obtained results are described in 
 
 
Tables 5, 6 and 7. As expected, the highest concentration was obtained for K (703.46 ± 154.31 mg/kg), Na (162.39 
± 24.20 mg/kg), Ca (123.04 ± 24.05 mg/kg), Mg (58.36 ± 13.44 mg/kg) and P (68.68 ± 14.60 mg/kg). These minerals 
directly influence the growth and fruiting of wines, which may be the most likely from the fertilizers used in crop 
protection. Regarding the trace elements found in vineyard soil, these recorded average values between 91.59 ± 
28.62 mg/kg Cu to 5.35 ± 2.47 mg/kg Cr, followed by 80.91 ± 20.65 mg/kg Fe, 41.84 ± 35.72 mg/kg Li, 10.84 ± 3.82 
mg/kg Mn and 6.15 ± 1.14 mg/kg Zn, as you can see the concentration of Cu in the vineyard soil exceeds the 
maximum limit allowed by the legislation (20 mg/kg Cu) (O.I.V., 2016). Instead, the concentration of heavy metals 
in the soil was below the maximum limit allowed for the analyzed elements, Co recording the highest concentration 
(14.37 ± 5.20 mg/kg average value), following Pb (5.65 ± 2.42 mg/kg average value) and As (0.96 ± 0.29 mg/kg 
average value). 
The data demonstrate the light pollution of vineyard soil by copper. Cu concentration in the topsoil of Dealu 
Bujorului vineyard exceeds the maximum allowed limit (20 mg/kg), but the obtained values are much lower than 
those obtained by Mirlean et al. (2007) (between 1508.3 mg/kg to 2450.1 mg/kg), these being the highest 
concentrations reported so far in the scientific literature on a vineyard soil. The Cu enrichment in different vineyard 
soil types reflects the period of copper-based pesticide application (Mirlean et al., 2007). 
We expected to correlate the level of the elements in wine samples with the corresponding soil samples. This 
hypothesis was applied for Ca, K, Na, Mg, P, Fe, Cu, Mn, Zn, Li, Cr, Cd, Pb, Co, As, Hg and U. Even if the Cu concentration 
in soil exceeded the maximum limit allowed, in wine the Cu concentration was within normal limits.  
The concentration of studied elements decreased with soil sampling depth which means that the surface soil 
area can be influenced by the environmental contaminants. According to the Romanian legislation (Order 
756/1997), the metal concentration levels in studied soil samples show normal values for sensitive soil, except Cu. 
 
CONCLUSIONS 
Generally, moderate wine consumption contributes to the daily nutritional requirements of many essential metals, 
including Ca, Mg, K, Na, Fe, Zn, Mn and Cu. The high level of Ca, K, Na, Mg, P and Fe was observed in analyzed wine 
samples, the concentration of Na (60 mg/L), Cu (1 mg/L), As (0.2 mg/L), Cd (0.01 mg/L), Zn (5 mg/L) and Pb (0.15 
mg/L) metals in analyzed wine samples were under Maximum Permissible Limits (MPL), respectively as published 
by the Organization of Vine and Wine. According to the results the highest concentration of Ca, K, Na, Mg and P were 
found in Sauvignon blanc (101.92 ± 3.73 mg/L Ca), Cabernet Sauvignon (496.41 ± 6.20 mg/L K; 241.84 ± 11.95 
mg/L P), Feteasca neagră (47.00 ± 6.35 mg/L Na), Muscat Ottonel (227.71 ± 4.16 mg/kg Mg). Fe is of importance to 
the winemaker because when it is present at >7-10 mg/L, it may cause cloudiness or colour change; all wines had 
Fe content over the 7 mg/L limit (mean value was 13.26 ± 1.42 mg/L Fe) considered to be the minimum 
concentration necessary to form ferric cases. Cu concentration was within wide limits, Feteasca regala variety (0.87 
± 0.11 mg/L) recorded the highest concentration and at the opposite pole was Băbeasca gri variety (0.17 ± 0.02 
mg/L) which recorded the lowest concentration, the average value of Cu concentration in wine was 0.52 ± 0.12 
mg/L, a value that is significantly lower than the maximum permissible limit. The highest concentration of Zn was 
recorded by the wine obtained from the Feteasca neagră variety (3.59 ± 0.56 mg/L and 3.30 ± 0.13 mg/L), with an 
average value of 3.33 ± 0.23 mg/L, the values obtained were well below the maximum allowed values. The high 
concentrations of Cd were recorded in the Băbească neagră (0.48 ± 0.12 µg/L, 0.40 ± 0.06 µg/L, 0.26 ± 0.07 µg/L 
whit an average value of 0.38 ± 0.03 µg/L) and Aligoté variety (0.26 ± 0.06 µg/L, 0.36 ± 0.12 µg/L, 0.33 ± 0.05 µg/L 
whit an average value of 0.32 ± 0.04 µg/L) but the obtained values are below the maximum limit allowed. All wines 
had Pb concentration below 0.15 mg/L (mean value was 0.04 mg/L), considered to be the minimum concentration 
necessary to endanger life. In the case of As all wine samples presented concentration below 0.2 mg/L (mean value 
was 0.009 mg/L), considered to be the minimum concentration necessary to endanger life. 
Examining the factors which influenced the concentration of metals in wines, it can be seen that the content in 
Ca, K, Na, Mg, P, Fe, Cu, Mn, Zn, Li, Cr, Cd, Pb, Co, As, Hg and U was significantly influenced by the variety factor. In 
general, the values found are in line with previously reported data on wines from other origins. 
Soil samples taken from vineyard locations showed similar results for the highest major mineral composition. 
Our results showed that the concentrations of the elements from wine and soil were interrelated. The average 
concentrations of elements in the soil decrease in the following order: K, Na, Ca, Cu, Fe, P, Mg, Li, Co, Mn, Zn, Pb, Cr, 
As, U, Cd and Hg. The soil contained essential major elements for grapevine growth and the constituents of major 
elements in soils as affected by the composition of the soil conditions. The data demonstrate a light pollution of 
vineyard soil by copper. Cu concentration in the topsoil of the Dealu Bujorului vineyard exceeds the maximum 
allowed limit (20 mg/kg Cu). 
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